CONTEXT AND OBJECTIVES: Early detection of reduced insulin sensitivity (IS) and insulin resistance (IR) is desirable. The aim here was to evaluate correlations of anthropometric indicators for identifying IR or IS and determine the cutoff points of the most effective indicators.
INTRODUCTION
Over recent decades, it has come to be considered that there is a worldwide pandemic of diabetes mellitus (DM). Data from the World Health Organization (WHO) indicate that the prevalence of DM is 2.8% among the worldwide population over 20 years of age. 1 Prediabetes, characterized by abnormal fasting plasma glucose, glucose intolerance, or both, is often asymptomatic and the time that elapses between the early stages of these conditions and the diagnosing of DM ranges from four to seven years. 2 Over this period, the complications relating to inadequate glucose metabolism progress and tissue damage becomes established before DM is diagnosed. [3] [4] [5] [6] Within this context, early detection of alterations in glucose metabolism is desirable, such that prophylactic interventions can be implemented. [7] [8] [9] A prospective study demonstrated that reduced insulin sensitivity (IS), evaluated through the homeostasis model assessment of insulin sensitivity (HOMA-IS) index, 10 was present five years before the appearance of abnormal fasting plasma glucose, glucose intolerance, or both, in pre-viously normal individuals from the point of view of glucose metabolism. Moreover, during the transition from normal to abnormal metabolism, IS presented an additional decrease. 11 Another index, called the homeostasis model assessment of insulin resistance (HOMA-IR), provides an indirect assessment of glucose metabolism, through evaluating endogenous insulin and plasma glucose homeostasis, as well as fasting plasma glucose. 12, 13 Obesity is a condition that involves a risk of such metabolic alterations. 14, 15 Therefore, anthropometric indicators among obese individuals are associated with a greater possibility of developing DM and metabolic syndrome. The indicators include body mass index (BMI), 16 waist circumference (WC), 17 waist-to-hip ratio (WHR), 18 waist-toheight ratio (WHtR) 19 and the conicity index (CI). 20 However, such associations have been described both in normal healthy populations and in nutritionally heterogeneous populations.
OBJECTIVE
The objective of the present study was to evaluate the correlation of anthropometric indicators for identifying abnormalities of glucose metabolism in a group of non-diabetic females who were overweight or presented abdominal and generalized obesity (evaluated through BMI and WC) and among individuals who were at risk of developing DM, but with normal fasting plasma glucose.
MATERIALS AND METHODS

Subjects and data collection
This was a cross-sectional study with a convenience sample, with analysis on prospectively collected data from individuals treated at the outpatient medical clinics of the Hospital do Servidor Público Estadual de São Paulo "Francisco Morato de Oliveira" between January and December 2009.
The study was approved by the research ethics committee of this hospital and the study subjects gave written informed consent (procedural number 0010.338.000-08).
The study included individuals with fasting plasma glucose ≤ 99 mg/dl and at least one of the following conditions that constitute a risk of developing DM: hypertension; BMI ≥ 25 kg/m 2 ; high WC; first-degree kinship with diabetics; mothers of large-for-gestational age newborns or who presented gestational DM; fasting serum high-density lipoprotein cholesterol (HDL) levels < 35 mg/dl and triglycerides > 250 mg/dl. 17 Non-diabetic females with BMI ≥ 25 kg/m 2 and WC ≥ 80 cm were also assessed separately. The exclusion criteria were a prior diagnosis of DM and use of oral hypoglycemic agents or insulin.
The study sample comprised 61 individuals with normal fasting plasma glucose levels and, in parallel, 43 females with BMI ≥ 25 kg/m 2 and WC ≥ 80 cm. Most of these 43 women were undergoing outpatient follow-up treatment for hypertension and/or dyslipidemia.
Measurements
We evaluated weight, height, WC, hip circumference, blood pressure (BP), presence of hypertension and dyslipidemia, along with the use of hypolipidemic drugs and hypotensors among the individuals included. BMI, WHR, WHtR and CI were calculated. The formulas used to calculate the indices studied are shown in Table 1 .
All the data were evaluated by physicians with training on measurements of weight and height using standard techniques. 18 WC was evaluated with the patient standing, at the end of exhalation, at the midpoint between the lower costal border and top of the iliac crest, using an inelastic tape horizontally. 19 Hip circumference was measured at the level of the greater trochanter, 20, 21 in order to calculate WHR. 19, 20, 22 BP was measured in accordance with the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure. 20 Hypertension was defined as BP levels ≥ 140 x 90 mmHg on two different occasions, or situations of hypotensor use, regardless of BP levels. 20 Diagnoses of dyslipidemia were evaluated in accordance with the laboratory criteria established in the Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in Adults, 19 or were defined as situations of hypolipidemic drug use, regardless of serum lipoprotein cholesterol levels and triglyceride levels. 19 The study subjects underwent determinations of serum glucose levels and insulin levels after an 8 to 12-hour nocturnal fast. Plasma glucose was determined using the enzymatic method and insulin was determined using the immunometric method in a two-sided solid-phase chemiluminescence assay (Immulite 2000, Siemens). The HOMA-IS and HOMA-IR indices were determined through the formula shown in Table 1 . Insulin sensitivity were considered to be preserved when HOMA-IS ≤ 0.37 and insulin resistance was considered to be present when HOMA-IR > 2.7, in accordance with a study on prevalence carried out among a Brazilian population. 23 
Statistical analysis
Statistical analyses were performed using the MedCalc program, version 11.2. The level of statistical significance was set at P < 0.05. In order to evaluate the correlations of anthropometric data with HOMA-IS and HOMA-IR among the continuous variables, Pearson's coefficient was used on continuous variables with normal distribution and Spearman's coefficient was used on continuous variables that did not follow normal distribution. Fisher's exact test was used for categorical variables.
ROC (receiver operating characteristic) curves were constructed and the areas under the curve (AUC) were calculated, with a 95% confidence interval (CI). 16 The Z test was used for comparisons of AUCs. Sensitivity (Sn) and specificity (Sp) values relating to detection of lower IS or higher IR were calculated for each cutoff point present in the sample. The cutoff value that presented the highest sum of Sn and Sp was chosen since it optimized the ratio between these two parameters. 24 
RESULTS
The mean age of the 61 individuals with normal fasting plasma glucose was 59.7 ± 14.3 years, and 16 of them were males. The general characteristics of the sample studied are shown in Table 2 , and it is noteworthy that the great majority reported hypertension and dyslipidemia, with mean systolic blood pressure of 132.5 ± 22.2 mmHg and diastolic arterial pressure of Table 3 . General characteristics of the group of obese non-diabetic females 80.9 ± 11.8 mmHg. Reduced insulin sensitivity was found in 25.6% of the patients, and the mean HOMA-IS for all patients was 1.0 ± 0.7, a value that was well above the level that is considered appropriate (≤ 0.37).
In parallel, we evaluated 43 non-diabetic females, of mean age 57.2 ± 12.9 years, who were either overweight or presented abdominal and generalized obesity. The prevalence of insulin resistance in the sample studied was 39.53%, with mean HOMA-IR of 3.8 ± 4.7, which were also abovenormal values (≤ 2.7). The general characteristics of the population studied are shown in Table 3 . Regarding nutritional status, according to BMI data, 44.19% were overweight and 55.81% were obese. The correlation with HOMA-IS in the group of patients with normal fasting plasma glucose was demonstrated using BMI (r = -0.50; 95% CI: -0.72 to -0.19; P = 0.002) (Figure 1) and WHtR (r = -0.45; 95% CI: -0.684 to -0.132; P = 0.007) (Figure 2) . A ROC curve was constructed for the anthropometric indicators evaluated and HOMA-IS was calculated in order to assess IS (Figure 3) . Data on AUC, standard error (SE), 95% CI, cutoff points and the respective Sn and Sp demonstrated statistical significance in relation to BMI (AUC = 0.769; P = 0.005), WHtR (AUC = 0.764; P = 0.01) and WC (AUC = 0.702; P = 0.04), and the best cutoff points found were 33.3 kg/m 2 , 0.67 and 100 cm, respectively ( Table 4 ). In the group of obese females, the most statistically significant correlation with the HOMA-IR index was demonstrated by the waist-toheight ratio (WHtR) (r = 0.37; P = 0.01; 95% CI: -0.6058 to -0.0822). The remaining anthropometric indicators of obesity and body composition that were evaluated did not demonstrate any significant correlations with the HOMA-IR index (P > 0.05). A ROC curve was constructed for WHtR, in order to assess IR, through HOMA-IR (Figure 4) . In assessing the cutoff point with the greatest accuracy, WHtR reached the greatest sum between Sn and Sp values for the cutoff point 0.70 (AUC = 0.61 ± 0.09; P = 0.25) ( Table 5 ). Table 4 . Efficacy of the anthropometric indicators evaluated and fasting plasma glucose in assessing insulin sensitivity SE = standard error; CI = confidence interval; Sn = sensitivity; Sp = specificity. SE = standard error; CI = confidence interval; Sn = sensitivity; Sp = specificity. Table 5 . Efficacy of waist-to-height ratio for evaluating insulin resistance in the group of obese females
DISCUSSION
In the present study, BMI and WHtR demonstrated relevant negative correlations with HOMA-IS in individuals with normal fasting plasma glucose but presenting conditions that indicated that they were at risk of developing DM. The most promising anthropometric indicators for assessing IS were BMI, WHtR and WC. BMI and WC are widely used in clinical practice. However, WHtR still has not been incorporated into routine anthropometric assessment. Other research groups have already reported associations between WHtR and conditions such as left ventricular hypertrophy, 25 hypertension, [26] [27] [28] and insulin resistance in males classified as normal. 29 Another important finding from the present study was the correlation between IR, evaluated through the HOMA-IR index, and WHtR among overweight females.
Several studies have associated abdominal obesity with metabolic alterations and high cardiovascular risk, regardless of generalized obesity indicators. [30] [31] [32] Imaging techniques such as nuclear magnetic resonance and computed tomography make it possible to observe different adipose tissue deposits at waist level. Among these are visceral and subcutaneous adiposity: the first of these is highly correlated with IS reduction and increased IR. [30] [31] [32] [33] [34] [35] In turn, WC has demonstrated a strong correlation with visceral adiposity and was therefore suggested by Lean et al. to be a costeffective tool for such assessments. 36 However, Hsieh and Yoshinaga demonstrated that individuals with similar WC values and lower height presented a worse metabolic and cardiovascular profile, demonstrated by greater hyperglycemia prevalence, hepatic steatosis and hypertension, compared with individuals with greater height, even after adjustment for age, smoking and lipid profile. This suggested that WHtR would be a more accurate tool in screening for the metabolic consequences of visceral deposits of adipose tissue. 37 IS reduction and increased IR are subclinical conditions that have been considered to be precursor alterations of pre-diabetic status, 11 which justifies active surveillance to diagnose such conditions. However, the laboratory analyses involved in this are expensive.
Therefore, every effort should be made towards determining costeffective and easily interpreted criteria to identify such conditions. To this end, further studies should be encouraged in different populations, with the aim of validating the use of anthropometric indicators that were shown to be effective in the present study.
One limitation of this study was inherent to its cross-sectional design. Thus, it was not possible to determine cause-and-effect relationships, but only to report associations. Another limitation lay in the limited number of individuals included in this study. This was mainly because of the large number of individuals with diabetes or with abnormal fasting plasma glucose who were being treated at the outpatient medical clinics of Hospital do Servidor Público Estadual de São Paulo, or the high number of non-diabetic individuals who were using oral hypoglycemic agents, under clinical conditions such as non-alcoholic steatohepatitis or metabolic syndrome, which constituted exclusion criteria in the present study.
CONCLUSION
The most promising anthropometric indicators for assessing IS were BMI, WHtR and WC, and the best cutoff points were 33.3 kg/m
